Background: Chronic renal failure (CRF) is usually associated with abnormal coagulation profile. Hepcidin is a major regulator of iron metabolism and was reported to have an impact on anemia, insulin resistance, dyslipidemia, inflammation and oxidative stress which were all reported to play a potential role in CRF induced coagulopathy. Renin angiotensin system (RAS) is involved in the pathophysiology of CRF and can affect coagulation profile.
Introduction
HEPCIDIN is a peptide primary produced by hepatocytes encoded by a gene located on chromosome No 19 [1] . Hepcidin plays a vital role in iron metabolism as it binds to ferroportin which is a protein exists in the cell membrane of Hepatocytes, macrophages, enterocytes, and placental syncytiotrophoblasts, inhibiting release of iron from these cells and so decreasing its availability for erythropoiesis [2, 3, 4] . Its synthesis is inhibited by iron deficiency and hypoxia while iron over load, infection and chronic inflammation increase its level [5, 6] . Hepcidin level was reported to increase in chronic renal Failure (CRF) patients in many studies and this increase was greater in advanced stages of renal failure and in dialysis patients [5, 7, 8, 9] .
Chronic renal failure (CRF) or chronic kidney disease (CKD) is an irreversible slowly progressive deterioration of renal function with high morbidity and mortality rate [10] . Anaemia is a common complication in CKD patients [11] . Although erythropoietin deficiency is the main cause of anaemia 335 336 Possible Association between Hepcidin & Hemostatic Parameters CRF in these patients, using erythropoiesis stimulating agent (ESA) in treatment of anaemia in CKD patients was associated with resistance and hyporesponsiveness [12, 13] suggesting that, other factors participate in this chronic resistant anaemia including hepcidin [14, 15] .
Abnormal coagulation profile is usually seen in CKD patients resulting in haemostatic disorders including both thromboembolism and bleeding tendency [16, 17] . Anaemia was reported to have a direct influence on bleeding disorders in uremic patients [18] and delays the initiation of coagulation cascade which was reversed by correction of anaemia [19] . Coagulation profile is also affected by infection, inflammation, insulin resistance, oxidative stress and hypertension [20] [21] [22] . An association between hepcidin and all the previous risk factors was reported in a wide variety of diseases including renal patients especially in advanced cases and haemodialysis [23] [24] [25] [26] .
Renin angiotensin system (RAS) was involved in the pathophysiology of chronic renal failure and its complications including proteinuria, hypertension and pro-thrombotic manifestations [27, 28] , while its inhibition for example by using angiotensin converting enzyme (ACE) inhibitors has reno-protective, antihypertensive and antithrombotic effect [29, 30] . Moreover, angiotensin II was reported to up regulate hepcidin mRNA expression [31] . The previous reports led to the speculation whether hepcidin is linked to the changes in coagulation profile seen in chronic renal failure and if inhibiting RAS by using ACE inhibitors has an influence on serum hepcidin in these cases.
So, the aim of this work was to evaluate changes in coagulation profile in a rat model of chronic renal failure and the possible association of these changes with serum hepcidin in relation to some parameters of renal function, insulin resistance, lipid profile, inflammation and oxidative stress and to evaluate whether changes in these parameters induced by inhibition of angiotensin converting enzyme (ACE) have an impact on serum hepcidin level.
Material and Methods

1-Animals:
From March to August 2018, the present study was conducted on 40 adult male albino rats (180-210g) were obtained from animal house Faculty of Veterinary Medicine, Zagazig University. The animals were bred in animal house, Faculty of Medicine, Zagazig University and kept in steel wire cages measured 70cm x 50cm x 30cm (4-5/ cage). The rats had free access to water and standard chow diet, kept at room temperature on natural light/dark cycle. The rats were left for 1 week to accommodate for laboratory conditions. The experimental protocol was approved by local medical ethics committee, Faculty of Medicine of Zagazig University (Institutional Review Board, IRB). Rats were randomly divided into the following groups: Group I (n=8): Control group: Rats in this group received subcutaneous injection with the vehicle (0.3M NaHCO3, 5ml/Kg) once weekly for 5 weeks. Group II (n=16): Chronic renal failure-induced group (CRF): Rats received subcutaneous injection with folic acid (300mg/kg in 5ml) once weekly (dissolved in 0.3M NaHCO3) for 5 weeks [32] . (5 rats died and 11 rats continued the experiment). Group III (n=16): Chronic renal failure+captopril group (CRF+Captopril): Chronic renal failure was induced by folic acid as in group II and at the same time they received captopril in a dose of (100mg/ kg/day) in tap water given orally by gastric gavage [30] from day one till the end of the experiment (daily for 5 weeks). (2 rats died and 14 rats continued the experiment).
2-Methods:
Measurement of Blood Pressure: After an overnight fasting, urethane (1200mg/kg) was used to anesthetize the rat [33] . After shaving the skin on the ventral side of the neck, small incision was made in the rat neck for tracheostomy and cannulation of carotid artery [34] . For cannulation of carotid artery, a cannula pre-filled with heparinized normal saline (0.5IU/ml) was used. A three-way stopcock connected to a pressure transducer was connected to the other end of the cannula. After calibration using a sphygmomanometer, the animal was connected to the Power Lab for BP recording. The procedure was left for 10-20min to stabilize during which the rat was continuously monitored for any bleeding [34] .
Sampling of blood:
After measuring blood pressure, blood samples were withdrawn from the cannula and were divided as follow: • 2ml were collected in special plastic tubes contains 3.2% sodium citrate solution (0.1ml/0.9 ml blood) then blood was centrifuged for 10min at 1258 r.p.m and plasma was separated to measure prothrombin time (PT), activated partial thromboplastin time (APTT), fibrinogen, fibrinogen degradation products (FDPs), D-dimer, protein C and protein S activity.
• 1 ml was placed in a test tube to access whole blood clotting time (WBCT).
• 1 ml was placed in plastic tubes containing EDTA as an anticoagulant and taken fresh to measure different hematological parameters (complete blood picture) including hemoglobin concentration (Hb), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), platelet count and mean platelet volume (MPV).
• The remaining blood was allowed to clot at room temperature and then centrifuged at 3000rpm for 15min and serum was stored at -20ºC till biochemical assay for measuring hepcidin, iron profile, glucose, insulin, lipid profile, CRP, IL6, MDA and SOD.
Urine collection: 24h urine samples were collected from rats placed in metabolic cages and used to determine proteinuria and creatinine urinary concentration.
Creatinine clearance: Was measured as an indicator for glomerular filtration rate (GFR) using the formula [UCr xV]/SCr [35] : UCr=urinary creatinine concentration; V=volume of urine per minute; SCr=serum creatinine concentration.
Biochemical analysis:
Serum hepcidin using rat (Hepc) ELISA kits (Catalog Number: 201-11-0598, Shanghai sunred biological technology, China) according to Abbasi et al., [36] . Serum iron (SI) using colorimetric method [37] , Serum ferritin (SF) was determined photometrically [37] , Total iron binding capacity (TIBC) [37] and Transferrin saturation (TS): Transferrin saturation (TS) was calculated from the following equation:
. TIBC Hemoglobin content (Hb), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), platelet count and mean platelet volume (MPV): These measurements were done using an automated blood analyzer (Diatron Abacus 380). Serum creatinine (SCr) and blood urea were measured colorimetrically using (Spinreact, S.A.U. ctra. Santa Coloma, 7e-17176 Santest eve de bas (gi), Spain) according to Murray et al., [38] and Kaplan [39] respectively. Creatinine in urine (UCr): like serum creatinine according to Murray et al., [38] . Creatinine clearance using the formula [UCr xV]/SCr according to Perrone et al., [35] . Protein in urine: According to the manufacturer's protocol by turbidimetry using Microlab 300: Vital Scientific, Germany. Serum IL-6: Was measured by rat IL-6 ELISA kits according to assay instructions (Sigma-Aldrich Company Ltd, Egypt) [40] . C reac-tive proteins (CRP) levels according to Ridker et al., [41] using CRP Kits (Monobind Inc Lake Forest, Ca 92630, USA). Serum glucose level: Glucose enzymatic (GOD-PAP)-liquizyme Kits (Biotechnology, Egypt) was used as stated by Tietz, [42] . Serum insulin level: Rat ELISA kit (Product Number: RAB0904, Sigma-Aldrich Chemie GmbH, U.S.A) was used according to Temple et al., [43] . Homeostasis model assessment of insulin resistance (HOMA-IR) by using the formula; [HOMA-IR= insulin (g IU/mL) x glucose (mg/dL)/405] [44, 45] . Serum total cholesterol level by using rat cholesterol ELISA kit (Catalog Number: 2011-11-0198, Shanghai sunred biological technology, China) [42] . Serum triglycerides level: Rat triglycerides ELISA kit: (Catalog Number: 2011-11-0250, Shanghai sunred biological technology, China) was used according to Naito, [46] . Serum high density lipoprotein cholesterol level (HDL): Rat HDL-cholesterol ELISA kit (Catalog Number: 2011-11-0255, Shanghai sunred biological technology, China) was used according to Nauk et al., [47] . Serum low density lipoprotein cholesterol (LDL) level: LDL was recorded using the following formula: LDL=TC-HDL-TG/5 [48] . Serum very low density lipoproteins (VLDL) levels: according to Tietz, [42] VLDL was calculated as follows: VLDL=TG/5 [42] . Serum superoxide dismutase (SOD): Using superoxide dismutase (SOD) assay kits (Sigma-Aldrich Company Ltd, Egypt. Cat: 19160). Serum malondialdehyde (MDA): Using lipid perioxidation (MDA) assay kits (Sigma-Aldrich Company Ltd, Egypt. Cat: MAK085). Haemostatic parameters: Bleeding time (BT) as described by Martin, [49] ; Whole blood clotting time (WBCT) as described by Quick, [50] ; Prothrombin time (PT) according to Arkin, [51] ; Activated partial thromboplastin time (APTT) according to Ansell, [52] ; Plasma fibrinogen levels according to Cooper and Douglas, [53] ; fibrinogen degradation products FDPs and Plasma D-dimer levels by ELISA kit, (GenWay Biotech, Inc, ca 40-88-234402, USA) according to Declerck et al., [54] ; Protein C activity using chromogenic assay and Protein S by commercially available ELISA kits according to [55] .
Histopathological examination: Kidneys were harvested and bisected longitudinally into 3 equal sized slices then fixed in 10% formalin solution. After automated dehydration kidney slices were embedded in paraffin, sectioned by microtome at 5um and stained with hematoxylin-eosin (HE) stain for blind histopathological examination.
Histopathological scoring: Renal tissue slides were examined for the presence of glomerular and tubular sclerosis, inflammatory infiltrate and interstitial fibrosis, as well as the formation of casts and luminal debris and extent of the lesion was scored at 0-3 as follow: 0: minimal or no lesions; 1: <25% involved; 2: 25%-50% involved; 3: >50% involved [56] .
Statistical Analysis:
The data were expressed as mean ± SD. For quantitative variables, one way ANOVA followed by post hoc test with LSD was done to compare means. The correlations between parameters were assayed by Pearson's correlation coefficient. p values <0.05 were considered significant. The statistical analysis was done by using SPSS program (version 18 for windows) (SPSS Inc. Chicago, IL, USA).
Results
Significant increase in serum hepcidin level was found in group II compared to control (p<0.001). In group III hepcidin level significantly decreased compared to group II levels ( p<0.001). kidney function tests including serum creatinine, blood urea and proteinuria showed significant increase and creatinine clearance showed significant decrease in group II relative to control ( p<0.001), while in group III, serum creatinine, blood urea and proteinuria decreased significantly and creatinine clearance increased significantly compared to group II (p<0.001) ( Table 1) .
Iron profile parameters including serum iron, serum ferritin, total iron binding capacity (TIBC) and transferrin saturation (TS), decreased significantly in group II compared to control ( p<0.001, p<0.001, p<0.001 and p<0.05 respectively). In group III, no significant difference was found in these levels relative to group II ( p>0.05) ( Table  1) .
Hematological parameters including blood Hb, MCV and MCH showed significant decreased in group II and III compared to control ( p<0.01, p<0.001 and p<0.001respectively). Platelet count and mean platelet volume (MPV) decreased significantly in group II relative to control (p<0.01). In group III, platelet count showed significant decrease relative to both control and group II ( p<0.001), while MPV decreased significantly relative to control (p<0.01) but no significant difference was found relative to group II (p>0.05) ( Table 1 ).
Significant increase was found in bleeding time, WBCT, PT, APTT and INR in group II (p<0.001, p<0.05, p<0.01, p<0.001 and p<0.001 respectively) and in group III, bleeding time, WBCT, PT, APTT increased significantly ( p<0.001, p<0.05, and p<0.05 and p<0.001 respectively), while INR did not differ significantly compared to control. In group III, relative to group II, no significant difference was found in bleeding time and WBCT (p>0.05), while a significant decrease was found in PT and INR (p<0.05 and p<0.01 respectively) and a significant increase in APTT ( p<0.001) ( Table  1) .
No significant change was found in plasma fibrinogen level between groups (p>0.05). A significant increase in fibrinogen degradation products (FDPs) ad D dimer was found in group II compared to control (p<0.01 and p<0.001 respectively). In group III, a significant decrease was found in FDPs and D dimer compared to group II ( p<0.01 and p<0.001 respectively), while the difference was insignificant compared to control ( p>0.05). A significant increase in protein C was found in group II and III compared to control ( p<0.05) but no significant difference was found in protein S among groups (p>0.05) ( Table 1) .
Glucose level and HOMA-IR showed significant increase in group II compared to control (p<0.001). In group III a significant decrease in glucose level and HOMA-IR was found compared to group II (p<0.001 and p<0.01 respectively) but still significantly higher than control (p<0.001 and p<0.05 respectively). No significant difference in insulin level was found between groups ( p>0.05) ( Table 2) .
No significant change was found in lipid profile parameters (TC, TG, HDL, LDL and VLDL) in group II relative to control (p>0.05). In group III, a significant decrease was found in TG, LDL and VLDL relative to control and group II ( p<0.001), while TC and HDL revealed non-significant difference relative to control and group II ( p>0.05) ( Table 2 ).
Significant increase in CRP and IL6 in group II compared to control ( p<0.001), these levels decreased significantly in group III compared to group II (p<0.001) but still significantly higher than control (p<0.05 and p<0.01 respectively) ( Table 2) .
Concerning oxidative stress markers, MDA showed significant increase in group II and SOD significantly decreased relative to control ( p< 0.001). In group III, a significant decrease in MDA and a significant increase in SOD was found relative to group II (p<0.001) but these levels were significantly higher than control (p<0.001) ( Table 2 ). Significant increase in systolic and diastolic blood pressure was found in group II compared to control (p<0.01 and p<0.001 respectively), while a significant decrease in both was found in group III compared to group II (p<0.05 and p<0.001 respectively) but no significant difference was found in group III compared to control ( p>0.05) ( Group II also showed a significant positive correlation between serum hepcidin and blood glucose, HOMA-IR ( r=0.724, p<0.05 and r=0. 794, p<0.01 respectively) and with the inflammatory mediators; CRP and IL6 ( r=0.814, p<0.01 and r=0.781, p<0.01 respectively). As regard oxidative stress markers, serum hepcidin correlated positively with MDA ( r= 0.801, p<0.01) and negatively with SOD in group II ( r=0.731, p<0.05) ( Table 2 ). Histopathological examination of the kidney revealed normal architecture of renal tissues in control group (Fig. 1 ). Group II showed marked glomerular sclerosis, heavy inflammatory infiltrate, and marked tubular necrosis, dilatation with casts and debris (Fig. 2) . In group III, captopril treatment induced considerable improvement of structural and histological appearance of the kidney with mild tubular dilatation and degeneration (Fig. 3) . Histopthological scoring revealed significant increase in group II compared to group I ( p<0.001) with significant positive correlation with serum hepcidin level (r=0.814, p<0.01), while in group III renal tissue scoring decreased significantly compared to group II (p<0.001) but did not correlate with hepcidin (p>0.05) ( Table 3 ). 
Discussion
Chronic renal failure in group II was accompanied by significant increase in blood urea, serum creatinine and proteinuria with significant decrease in creatinine clearance indicating impaired renal function. Histopathological examination also revealed significant glomerular sclerosis and inter-
Groups Parameters
Group I stitial fibrosis of renal tissue. Approximately 3 fold increase in serum hepcidin was found in this group relative to control with positive correlation with serum creatinine and blood urea and negative correlation with creatinine clearance which is an indicator for glomerular filtration rate (GFR). This is in line with numerous studies that identified an increase in hepcidin level in renal failure with an inverse correlation with GFR and the increase was greater in advanced stages of the disease [5,7,8,9] . The kidney is a major site for hepcidin excretion [57] , so its level increases in impaired renal function. Accumulation of toxic metabolites normally excreted by the kidney and chronic inflammatory state seen in renal failure can increase hepatic hepcidin synthesis [58, 59] . This was supported in our results by the significant increase in the inflammatory markers, IL6 and C reactive protein (CRP) with positive correlation with hepcidin in CRF group relative to control which can induce an increase in hepcidin level. This was previously reported by Tandara et al., [60] who reported a positive correlation between hepcidin and inflammatory markers including IL6 and CRP. IL-6 induces binding of STAT-3 (signal transducer and activator of transcription) to hepcidin promoter leading to an increase in hepcidin activity [61, 62] . Moreover lipopoly-saccharide administration in healthy subjects was reported to induce an increase in IL-6 levels followed by an increase in hepcidin levels, and then hypoferremia [63] , while using anti-IL-6 receptor antibody suppressed hepcidin synthesis and improved anaemia [64, 65] .
The results also revealed significant decrease in haemoglobin (Hb), MCV and MCH in CRF group indicating anaemia. Serum iron, serum ferritin and transferrin saturation significantly decreased indicating absolute iron deficiency anaemia [66] and the very low ferritin level seen in our results (<12) indicates almost absent iron stores according to Thomas et al., [67] . None of the previous parameters correlated with hepcidin. In accordance with our results, Rubab et al., [68] found no association between hepcidin and serum iron, TIBC or ferritin in end stage CKD patients. Opposite to our findings, Goyal et al., [69] and Mercadal et al., [15] found that serum hepcidin correlated positively with Ferritin and transferrin saturation in uremic patients. Absence of significant correlation in our results may be explained by the fact that, iron status is not the only regulator of hepcidin. It was reported to be one of the acute phase reactant that increase in infection and chronic inflammation as the case in chronic renal failure [58, 59] . It should be also considered that, the elevated hepcidin levels although not correlated with markers of anaemia in our study but can share in the induction of anaemia by decreasing iron absorption and blocking its release from reticuloendothelial system leading to worsening of the already limited iron availability for erythropoiesis [70] . So, we can indicate that, in our study, anaemia is due to both absolute and functional iron deficiency due to the presence of high hepcidin in association with low-instead of high-ferritin level, while in pure functional iron deficiency high hepcidin is associated with high ferritin level [67] .
Coagulation profile in CRF group showed significant prolongation in bleeding time, WBCT, PT, APTT, and INR relative to control. This was associated with a significant increase in protein C activity and a significant decrease in platelet count and MPV. A significant increase in fibrinogen degradation products (FDPs) and D dimer was also found, while fibrinogen level and protein S showed no significant difference relative to control. Serum hepcidin correlated positively with bleeding time, PT, APTT and INR in this group.
Profound changes in the coagulation system are found in patients with renal failure, as they are susceptible to episodes of both prolonged bleeding and excessive thrombi formation [71] . In CKD especially in advanced stages there is an increased risk of cutaneous, mucosal, or serosal bleeding which ranges from mild bleeding as ecchymosis and gingival bleeding to life-threatening as spontaneous gastrointestinal bleeding or intracranial haemorrhage [16] . The prolonged bleeding time, WBCT, PT, APTT and INR seen in our results indicates bleeding tendency. The significant increase in protein C activity found in our study can be a cause of this disturbance as protein C is a potent natural anticoagulant and its activity was reported by some authors to increase in chronic renal failure [72] , others found a decrease [73] or no significant change in protein C and protein S in uremic patients [74] .
The cause of this bleeding tendency was also reported to be attributed to a defect either in platelet count or function. In our results, platelet count and mean platelet volume (MPV) were significantly lower than control. MPV was reported to affect platelet function with hyperactivity when increase and impaired function when decrease [75] . Platelet dysfunction in CKD was also reported to be attributed to abnormal function of platelet glycoproteins as GPIIb and GPIIIa, defect in the release of serotonin and ADP from platelet granules and dysregulated metabolism of arachidonic acid and prostaglandin leading to impairment of platelet adhesion and aggregation or may also be a result of accumulation of uremic toxins including guanidinosuccinic acid and methyl guanidine [16] .
We also found a significant increase in FDPs and D dimer with significant positive correlation with hepcidin in CRF group relative to control. Such result indicates thromboembolic manifestations in this group. In accordance, elevated hepcidin levels were reported to be an independent risk factor for atherosclerosis and ischemic disease in different populations including uremic patients [26] . Thromboembolic manifestation and hypercoagulopathy are commonly described in CKD patients as chronic kidney disease is usually referred to as a pro-coagulant state even in early stages [76, 77] . Reduced tissue plasminogen activator [78] and increase of D dimer (which is in line with our results), increase in plasminogen activator inhibitor-1 [79, 80] , tissue factor [81] , von Will brand factor [82] , factor XIIa and VIIa [83] were all reported to be possible causes of this coagulopathy in CKD. Fibrinogen level was also reported to increase in CKD, increasing blood viscosity and predispose to thrombosis [84] ; however in our study no significant change was found in fibrinogen level in CKD group relative to control.
In chronic kidney disease, complex abnormalities in cellular metabolism with reduced antioxidant and increased pro-oxidant activity are present leading to enhanced oxidative stress which plays a key role in the development of clinical complications in CKD including atherosclerosis and thrombotic manifestations [85] . In CRF group, oxidative stress markers revealed significant increase in MDA and significant decrease in SOD and these changes were correlated with the elevated hepcidin (positively with MDA and negatively with SOD). An association between elevated hepcidin levels and increased oxidative stress was previously reported [25, 86] . In support with these findings, hepcidin overexpression was reported to increase the generation of reactive oxygen species (ROS), while suppression of hepcidin reversed these changes [87] indicating a role for hepcidin in the increased oxidative stress and hence coagulopathy seen in CKD.
Metabolic parameters are affected in CKD and may also play a role in the observed changes in coagulation profile. Insulin resistance (IR) was observed in CKD patients in early and in different stages of the disease even in absence of clinical diabetes [88] and it was associated with coagulation disturbance, thrombotic manifestations and atherosclerosis [89] . In our results, we demonstrated a significant increase in blood glucose level and HOMA-IR and both correlated positively with serum hepcidin in CRF group. Hepcidin level was previously found to be associated with IR and an increase in hepcidin level and gene expression was reported in diabetic patients and metabolic syndrome with or without diabetes [90, 91] .
Inflammatory mediators have great influence on IR. TNF-a was referred to as the main causative factor in the development of IR [92] , while IL-6 inhibits the metabolism of non-oxidative glucose and decreases lipoprotein lipase leading to increases in plasma triglycerides level [93] . Hepcidin was reported to have an anti-inflammatory effect as hepcidin was found to suppress the transcription and secretion of IL-6 and TNF-a in cultured macrophages and in vivo mouse models [94] , while lack of hepcidin was found to be associated with increased mRNA expression and elevated serum level of IL-6 and TNF-a in iron deficient mice [95] . So, the elevated hepcidin levels seen in CRF group may be an adaptive response of the body in a trial to decrease the inflammatory reactions in CKD and hence limit its deleterious consequences on IR, lipid metabolism and oxidative stress which all affect coagulation profile.
No significant change in lipid profile was observed in CRF group. Similar to our results, Khan and Ola [96] found no significant difference in lipid profile between normal and renal impaired diabetic rats. Opposite to these finding, dyslipidaemia was frequently associated with CKD and can accelerate the progression of the disease [97] . Species difference or nutritional factors may be a cause of this inconsistency as in our study rats were fed on normal chow diet and the amount of food intake can be impaired with the progression of renal failure throughout the study which can affect lipid profile. In addition, longer duration of the study might be needed for the dyslipidaemic effects of renal failure to appear. ion of RAS by using angiotensin converting enzyme inhibitor (captopril) and evaluate whether its protective effect on the kidney was associated with changes in hepcidin level.
Our results revealed a significant improvement of renal function in captopril treated group (group III) proved by significant decrease in serum creatinine, blood urea and proteinuria and significant increase in creatinine clearance with improved histo-pathological changes relative to group II. Significant decrease in hepcidin levels was obvious in this group relative to group III and these levels became close to control group levels. Matching with our findings, Ishizaka et al., [31] demonstrated that, administration of angiotensin II was able to induce ~ 4.7 fold increase in hepcidin mRNA which was associated with significant renal damage, while inhibition of RAS reversed these changes.
A significant decrease in blood sugar and HO-MA-IR was detected and a significant decrease in TG, LDL and VLDL was observed in captopril treated group relative to group II. Moreover, a significant decrease in oxidative stress as indicated by significant decrease in MDA and significant increase in SOD was found. Inflammatory marker also decreased significantly including IL6 and CRP. All these factors particularly the reduction in IL6 may play a role in the reduced hepcidin seen in this group. In accordance with these findings, blocking RAS was reported to lower blood glucose, improve insulin resistance [28, 102, 103] , improve lipid profile [104, 105] , decrease oxidative stress and inflammatory mediators [106, 107] .
No significant change in Hb, MCV, MCH, serum iron, ferritin, TIBC and TS in group III relative to group II and these levels were significantly lower than control group. In line with our results, the use of angiotensin-converting enzyme (ACE) inhibitors has been associated with suppression of erythropoiesis [108] . When kidney function is normal, the decrease in RBC production is almost not clinically apparent, while in patients with renal insufficiency, ACE inhibitor can induce clinically relevant anaemia [109] . The iron deficiency anaemia together with the decrease in inflammatory and oxidative stress markers can explain the significant reduction of hepcidin level in captopril treated group relative to CRF group as iron deficiency anaemia is a potent inhibitor of hepcidin synthesis. In CRF group (group II), the stimulating effect of iron deficiency anaemia on hepcidin synthesis was not apparent due to the concomitant increase in inflammatory mediators especially IL6 which increases hepcidin level.
Bleeding time and WBCT also remained elevated and no significant difference and even a further increase in APTT was noticed relative to CRF group. Treatment with ACE inhibitors was reported in some case report studies to supress bone marrow function especially in high doses producing pancytopenia including thrombocytopenia [110] . This is in accordance with our study as we found a significant decrease in platelet count relative to control and CRF group and also a significant decrease in MPV relative to control, moreover, our results revealed a significant increase in protein C which all can account for this bleeding tendency. Besides, anaemia found in this group can affect haemostasis with a delay in initiation of clot formation and decreasing platelet adhesion as was referred to [19, 98] . Matching with our study, according to Al Sheibani [111] treatment of rats with captopril for 4 weeks caused significant prolongation of PT and APTT but opposite to our results they found no effect on platelets counts.
Captopril induced significant decrease in FDPs and D dimer in group III relative to group II, indicating a decrease in hper-coagulable state. This comes in line with previous reports indicated that, captopril treatment in myocardial infraction induced significant decrease in the frequency of recurrent thrombosis and these changes were linked to accumulation of bradykinins [112] , while administration of angiotensin II was found to enhance thrombosis by increasing plasminogen activator inhibitor type 1 (PAI-1), tissue factor (TF), D dimer and fibrinogen [79] . The decrease in FDPs and D dimer did not correlate with serum hepcidin in this group, probably due to the presence of other factors improved by ACE inhibitors that can contribute to these observed changes in coagulation profile including insulin sensitivity, lipid profile, blood pressure, inflammatory markers and oxidative stress.
Moreover, blood pressure recorded in our study revealed significant increase in systolic and diastolic BP in CRF group which is in line with previous reports about an association between high hepcidin level and hypertension [23] . Over-activation of RAS was found to be involved in the pathogenesis of renal hypertension [28, 79] . As expected, using captopril in group III caused normalization of BP to control values. Hypertension can induce endothelial injury and provoke thrombotic manifestation [112] . Correction of hypertension in this group can help to reduce thromboembolic coagulopathy.
Conclusion:
Chronic renal failure induced significant increase in serum hepcidin level in association with abnormal coagulation profile including both hypercoagulopathy and bleeding tendency. Hepcidin can indirectly affect coagulation profile through its effect on anaemia, IR, oxidative stress and inflammatory mediators. However, establishing a direct relationship between hepcidin and coagulation profile in chronic renal failure needs further studies involving experimental administration of hepcidin peptide.
Inhibition of ACE using captopril resulted in significant improvement of renal function with significant decrease in hepcidin level and significant decrease in hypercoagulable state that could be induced by its favourable effect on blood pressure, IR, oxidative stress and inflammatory mediators but anaemia and bleeding tendency still present indicating that, in spite of the beneficial effect for ACE inhibitors in CRF but continuous monitoring of coagulation profile should be taken into consideration. 
